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ABSTRACT: The increasing demand for clean and renewable energy sources has led to significant advancements in
solar energy technologies. This project focuses on the design and fabrication of a solar power inverter, which plays a
crucial role in converting the direct current (DC) output from solar panels into alternating current (AC) suitable for
household and industrial applications. The inverter system is designed to optimize power conversion efficiency while
ensuring stability, reliability, and safety.
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L. INTRODUCTION

The need of running AC Loads on solar energy leads us to the design of Solar Power Inverter. Since the majority of
modern conveniences all run on 220 volts AC, the Power Inverter will be the heart of the Solar Energy System. It not
only converts the low voltage 12 volts DC to the 220 volts AC that runs most appliances, but also can charge the
batteries if connected to the utility grid as in the case of a totally independent stand-alone solar power system. These are
special inverters which are designed to draw energy from a battery, manage the battery charge via an onboard charger,
and export excess energy to the utility grid. An inverter is an electrical device that converts direct current (DC) to
alternating current (AC); the converted AC can be at any required voltage and frequency with the use of appropriate
transformers, switching, and control circuits.

PROBLEM STATEMENT:

Access to reliable and cost-effective electricity is a major challenge in rural and tribal areas. Traditional methods of
generating electricity, such as burning fossil fuels, are expensive, unreliable, and contribute to pollution. Lack of access
to electricity affects the quality of life of people living in these areas, making it difficult to power household appliances,
lighting, and other devices. This also limits their access to education and healthcare services, hindering their overall
development.

SCOPE OF THE RESEARCH

The scope of this project is to design, develop, and fabricate a solar power inverter that efficiently converts DC (Direct
Current) electricity produced by solar panels into AC (Alternating Current) for use in residential or commercial
applications. The project will focus on achieving high conversion efficiency, cost-effectiveness, durability, and ease of
maintenance. Additionally, the inverter will incorporate features such as protection circuits, grid compatibility, and
user-friendly monitoring to ensure optimal performance and safety.

II. LITERATURE REVIEW
1. Khan & Paul (2013) — Performance Analysis of Solar Inverter Focus: Design and fabrication of a solar inverter

tested under various load conditions. Findings: Highlights the impact of load variations on inverter efficiency. Pure sine
wave output increases device compatibility. Contribution: A practical design approach with experimental validation.
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2. Bhukya et al. (2020) — Low-Cost Grid-Connected Inverter Focus: Development of an affordable inverter for grid-
tied systems. Findings: Successfully integrated MPPT with low-cost components while maintaining output efficiency.
Contribution: Demonstrates that budget-friendly designs can still meet grid standards.

3. Dhandale (2021) — Grid-Tied Inverter Design and Reliability Focus: Examines the link between design quality and
real-world inverter reliability. Findings: Poor component choices and fabrication shortcuts impact lifespan and grid
compatibility. Contribution: Emphasizes need for strict QC in inverter production.

4. VoltCoffer (2022) — Emerging Design Challenges Focus: Identifies ongoing challenges such as thermal
management, EMI shielding, and real-time monitoring. Findings: Smart features and IoT integration are reshaping
inverter expectations. Contribution: Offers a roadmap for next-gen inverter features.

III. PROBLEM DEFINITION

Despite their critical role in solar energy systems, solar power inverters face several technical and practical challenges
that can affect performance, reliability, and user satisfaction. These problems must be clearly understood to improve
inverter design, efficiency, and integration with modern energy systems.

IV. FUTURE SCOPE

Integration of MPPT (Maximum Power Point Tracking) to enhance energy conversion efficiency.

Use of advanced microcontrollers or DSPs for smarter control and monitoring.

Implementation of IoT-based remote monitoring for real-time performance tracking and fault diagnosis.
Hybrid functionality to allow switching between solar, battery, and grid sources seamlessly.

Scaling up the design for larger loads or community-based solar installations.

Enhancing portability and compactness for use in rural or emergency situations.

Use of environmentally friendly and cost-effective materials to improve sustainability.

Nk W=

V. OBJECTIVE

e Design Efficient Conversion System: To design a solar power inverter that converts DC power from solar panels to
AC power with high efficiency, ensuring minimal energy loss during conversion.

e Cost-Effective Fabrication: To fabricate the inverter using cost-effective materials and components while
maintaining quality and reliability for widespread adoption in residential and commercial applications.

o Ensure Grid Compatibility: To ensure the inverter is compatible with the national power grid or can be used for
off-grid applications, depending on the project scope.

e Incorporate Safety Features: To integrate safety mechanisms such as overload protection, short circuit protection,
and thermal protection to prevent damage to the system.

e Compact and Durable Design: To design a compact inverter with robust durability to withstand environmental
conditions such as temperature fluctuations and humidity.

VI. METHODOLOGY

METHODOLOGY
1. Requirement Analysis
e Identify power requirements (voltage, current, load type).
e Determine inverter type: off-grid, grid-tied, or hybrid.
2. System Design
e  Circuit Design:
e  Design the DC-DC converter (boost or buck as required).
3. Component Selection
e Select efficient solar panels and calculate energy input.
e  Choose appropriate microcontroller (e.g., Arduino, PIC, or STM32).
4. Simulation
e Simulate the designed circuit using software (e.g., MATLAB, Proteus, or PSpice).
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5. Hardware Implementation
e Fabricate the circuit on PCB (Printed Circuit Board).

VII. HARDWARE DETAILS

Material Details for solar inverter

1. SOLAR PANEL:

A solar panel, also known as a photovoltaic (PV) panel, is a device that converts sunlight directly into electrical energy
using the photovoltaic effect. It is the primary source of power in the Smart Solar Bench system, enabling the bench to
operate independently of the conventional electrical grid

2. Inverter (DC-AC Converter):

An inverter is an electronic device that converts direct current (DC) into alternating current (AC). It's commonly used
to power devices like household appliances that require AC electricity, especially when only DC power is available

3. Battery (off-grid systems)

A battery is a device that stores and releases electrical energy through a chemical reaction. This energy is stored in the
active materials of the battery, which are typically metals, oxides, or molecules.

4. Cable:

Photovoltaic (PV) wire, typically between 10- and 12-gauge AWG, protected for outdoor use. Connects the solar
panels, charge controller, inverter, and battery.For connecting solar panels to an inverter, photovoltaic (PV) cables are
typically used.

5. MICROCONTROLLER:

A microcontroller is a small computer on a single integrated circuit (IC) that controls specific devices and functions
within an embedded system. It integrates a CPU, memory, and I/O peripherals onto one chip, allowing for low-power,
compact, and efficient control

6. MOSFET:

A MOSFET (Metal-Oxide-Semiconductor Field-Effect Transistor) is a type of transistor that controls the flow of
current through a semiconductor material using an electric field.

7. TRANSISTOR

In solar power inverters, transistors play a crucial role in converting the direct current (DC) generated by solar panels
into alternating current (AC) that can be used in homes and businesses.

VIII. FABRICATION WORK

FABRICATION WORK

1. Circuit Design and Schematic Development

The inverter circuit was first designed using electronic design automation (EDA) tools such as Proteus, Eagle, or
Altium Designer. The design included: DC-DC converter stage (if needed), H-bridge or full-bridge inverter circuit,
Gate driver circuitry, MPPT controller integration, Filter and feedback circuitry.

2. PCB Design and Layout

* Once the schematic was finalized, the Printed Circuit Board (PCB) was designed. Key considerations included:

* Proper heat dissipation layout

3. Component Selection and Procurement

Electronic components were selected based on simulation analysis and inverter ratings. Components included:

* Power semiconductors: MOSFETSs or IGBTs ¢ Gate drivers: IR2110 or similar ICs * Microcontroller/DSP: Arduino,
STM32, or TI DSP for control logic ¢ Passive components: Resistors, capacitors, inductors, and transformers ¢ Filter
components: L or LC filter » Cooling system: Heat sinks and/or fans

4. PCB Fabrication and Soldering

The fabricated PCB was cleaned, and the components were mounted using through-hole and surface-mount technology
(SMT) as per the design.

5. Assembly of Power Circuit

The power stage, including the DC link capacitor bank, switching devices, and heatsinks, was assembled. Thermal
paste was applied where necessary to improve heat transfer to the heat sinks.
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IX. RESULTS AND DISCUSSIONS

RESULTS AND DISCUSSIONS

The solar power inverter successfully converted DC electricity from the photovoltaic source into stable AC power
output. The inverter consistently delivered a 230V, 50Hz sinusoidal waveform, which closely resembled a pure sine
wave, indicating effective filtering and switching. The system achieved a power conversion efficiency ranging between
90% and 94%, with optimal performance observed at approximately 80% of the rated load. Total Harmonic Distortion
(THD) in the output was maintained below 5%, meeting standard requirements for power quality.

APPLICATIONS

1. Residential Solar Power Systems : - The inverter can be integrated into home solar panel installations to supply
clean, renewable energy, reducing dependency on the conventional power grid and lowering electricity bills.

2. Remote and Off-Grid Areas :- In regions where access to the power grid is limited or nonexistent, such as rural
villages or remote outposts, the inverter enables solar panels to serve as a reliable source of electricity for lighting,
communications, and small appliances.

3. Educational Institutions and Laboratories :- This project serves as a valuable teaching aid in engineering and
technical institutions, helping students understand the working principles of renewable energy systems and power
electronics.

4. Emergency Backup Systems :- The inverter can be part of a solar-powered backup system used during power
outages, ensuring continuous power supply for critical devices such as medical equipment, communication systems,
and lighting.

X. CONCLUSION

The successful design and fabrication of a solar power inverter mark a significant step toward the promotion of
sustainable and renewable energy technologies. This project demonstrates the practicality and efficiency of converting
solar energy into usable alternating current (AC), which is essential for powering everyday appliances and equipment.
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